In this paper, using the collocation method based on Jacobi polynomials, we obtain the approximate solution of the magneto-hydrodynamic (MHD) Jeffery-Hamel problem. In addition, the sensitive analysis is studied. The method reduces solving the nonlinear ordinary differential equation to solve a system of nonlinear algebraic equations. The comparison of the results with the other numerical methods, show the efficiency and accuracy of the present method.
Introduction
MHD is the study of the interaction between magnetic fields and moving conducting fluids. Magnetic fields influence many natural and man-made flows. They are routinely used in industry to heat, pump, stir and levitate liquid metals. There is the terrestrial magnetic field which is maintained by fluid motion in the earth's core, the solar magnetic field which generates sunspots and solar flares, and the galactic magnetic field which is thought to influence the formation of stars from interstellar clouds. The study of these flows is called MHD. Formally, MHD is concerned with the mutual interaction of fluid flow and magnetic fields. The fluids must be electrically conducting and non-magnetic, which limits us to liquid metals, hot ionized gases (plasmas) and strong electrolytes. The field of MHD was initiated by Swedish physicist, Hannes Alfven for which he received in 1970 the Nobel Prize (Alfven, 1942) . The official birth of incompressible MHD fluid is in 1936 -1937 . Hartmann and Lazarus (1937 studied the influence of a transverse uniform magnetic field on the flow of a viscous incompressible electrically conducting fluid between two infinite parallel stationary and insulating plates. The most appropriate name for the phenomena would be Magneto-Fluid-Mechanics, but the original name MHD is still generally used. MHD problems arise in a wide variety of situations ranging from the explanation of the origin of earth's magnetic field and the prediction of space weather to the damping of turbulent fluctuations in semiconductor melts during crystal growth and even the measurement of the flow rates of beverages in the food industry. The description of MHD flows involves both the equations of fluid dynamics, the NavierStokes equations, and the equations of electrodynamics, Maxwell's equations which are mutually coupled through the Lorentz force and Ohms law for moving electrical conductors (Davidson, 2002) . MHD channel flows have considerable theoretical and practical importance because of the widespread applications in designing cooling systems with liquid metals. MHD generators, accelerators, nuclear reactors, blood flow measurements, pumps and flow-meters. Due to the coupling of the equations of fluid mechanics and electrodynamics, the equations governing MHD flows are rather cumbersome and exact solutions are, therefore, available only for some simple geometries subject to simple boundary conditions (Chang and Lundgren, 1961; Dragos, 1975; Gold, 1962; Hunt, 1965; Shercliff, 1953) . Therefore, some numerical techniques have been used to obtain the approximate solutions for the MHD flow problems. For more studies on MHD, the interested reader is referred to Reynolds et al. (2006) ; Hughes and Young (1966) ; Hughes and McNab (1983) ; Hughes et al. (1995) ; Kao et al. (2009); Ni et al. (2007) ; Pericleous and Bojarevies (2007) ; Pericleous et al. (1994) ; Ramos and Winowich (1990) ; Slone et al. (2003) ; Takhar et al. (2002) ; Yee and Sjgreen (2007) . One type of MHD problems is Jeffery-Hamel problem which is related to the study of laminar boundary layers exhibiting similarity in fluid mechanics. The third order nonlinear ordinary differential equation describes this model. Jeffery (1915) and Hamel (1916) have studied this problem before. Jeffery-Hamel flow is an exact similarity solution of the Navier-Stokes equations in the special case of two-dimensional flow through a channel with inclined plane walls meeting at a vortex, and with a source or sink at the vortex (Moghimi et al., 2010) . Axford (1961) extended the classical Jeffery-Hamel problem to include the effects of external magnetic field on conducted fluid. The magnetic field acts as a control parameter, along with the flow Reynolds number and the angle of the walls. In the MHD Jeffery-Hamel problem, we have to deal with a nonlinear system (Motsa et al., 2010) . Moghimi et al. (2010) used the homotopy perturbation method (HPM) for obtaining the approximate solution of nonlinear MHD Jeffery-Hamel problem. Also the spectral-homotopy analysis method (HAM) was used by Motsa et al. (2010) for obtaining the approximate solution of this problem. Motsa et al. (2010) showed that spectral-HAM which introduced by them, remove some restrictive about a standard HAM. Also they showed that spectral-HAM converges at least twice as fast as the standard HAM for nonlinear Jeffery-Hamel problem. Esmaeilpour and Ganji (2010) used the optimal homotopy asymptotic method for solution of the Jeffery-Hamel flow problem. The paper is organized as follows. In section 2, we introduce the mathematical formulation of MHD Jeffery-Hamel problem. Section 3, is devoted to the method of numerical approximation. In section 4, we present the numerical solution of nonlinear MHD JefferyHamel problem. Finally, we have monitored a brief conclusion in section 5. The equations that describe this model are (Jeffery, 1915; Hamel, 1916; Moghimi et al., 2010) :
Mathematical formulation of MHD Jeffery-Hamel problem
where 0 , , ( , ), , , B u r p     are electromagnetic induction, conductivity of the fluid, velocity along radial direction, fluid pressure, coefficient of kinematic viscosity and the fluid density respectively. From (1) and using dimensionless parameters, we get:
Substituting (3) into (1) and (2) and eliminating , p we obtain an ordinary differential equation for the normalized function profile () f  (Moghimi et al., 2010) :
with respect to the boundary conditions:
The Hartmann number is :
and t he Reynolds number is :
In this paper, we obtain the Jacobi spectral approximation of (4) subject to (5) based on collocation method.
Method of numerical approximation
Spectral methods have been successfully applied in the approximation of differential boundary value problems. The most three widely used spectral versions are Galerkin, collocation, and Tau methods. Their utilities are based on the fact that if the solution sought is smooth, usually only a few terms in an expansion of global basis functions are needed to represent it to high accuracy (Gottlieb and Orszag, 1977) . It is well known that spectral methods converge to the solution of the continuous problem faster than any finite power of 1/ N where N is the dimension of the reduced order model for smooth solutions (Gottlieb and Orszag, 1977) . Approximating functions in spectral methods are related to polynomial solutions of eigen-value problems in ordinary differential equations, known as Sturm-Liouville problems. On the non-periodic canonical interval [ 1, 1] .  he Jacobi polynomials are the well-known class of polynomials exhibiting spectral convergence, of which particular examples are Chebyshev polynomials of the first and second kinds, and Legendre polynomials (Gottlieb and Orszag, 1977) . We must note to this point that collocation methods have become increasingly popular for solving differential equations compared with other spectral methods such as Tau and Galerkin methods because of its easy implementation. Also the other importance of collocation methods is providing very useful highly accurate solutions to the nonlinear differential equations. In this paper, we use collocation method based on Jacobi polynomials, for obtaining the approximate solution of the MHD Jeffery-Hamel problem. For this goal, we introduce Jacobi polynomials and a method of approximation by Jacobi polynomials in subsections 3.1 and 3.2 respectively. Also some useful theorems related to an error convergence are presented.
Jacobi polynomials
The classical Jacobi polynomials of degree ( , ) , , and can be determined with the aid of the following recurrence formulae (Gottlieb and Orszag, 1977; Funaro, 1992; Hesthaven et al., 2009; Szego, 1939; Imani et al., 2011) :
where
and
These polynomials are eigen-functions of the following singular Sturm-Liouville equation (Szego, 1939 )
and produce a ( , )
2
( 1,1) w L   complete orthogonal system with the following inner product and
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The explicit form of the shifted Jacobi polynomials is in the following form (Bojdi et al., 2013) ( , ) (
and ( , , ) 2 ; 0,1, 2,.. . .,
Approximations by Jacobi polynomials
Now in this section, we present some useful theorems which show the approximations of functions by Jacobi polynomials. For this purpose, let us define
is a mapping in a way that for any
 we have:
( ) , 0 ,.
Due to the orthogonal property, we can write 
In the literature of spectral methods, ( , ) sx is vanished in particular points named as collocated points. Also estimating the distance between () yx and its Jacobi spectral expansion as measured in the weighted norm ( , ) . w  is an important problem in numerical analysis. The following theorems provide the basic approximation results for Jacobi spectral expansion.
Theorem1.We have
( , )
( , ) ( ) { : Funaro (1992) .
Definition 1. The Sturm-Liouville operator L on the interval 1 x 1,    i.e. is of the form
with ( 
C is a constant and m is chosen in a way that Also we have the symbol Theorem 2, shows that under particular conditions the eigen-solutions of the singular SturmLiouville problems in finite interval (Jacobi of any polynomials) are well suited for expanding
where , 1, 

By replacing  in (20) with the N Jacobi-Gauss points, we obtain N nonlinear equations. However from (20) and (21), we obtain 3 N  nonlinear equations. Now by eliminating the 3 last equations from these N+3 nonlinear equations except boundary conditions, we obtain N nonlinear equations that can be solved by Newton method for unknown coefficients ( 0,1,..., 1).
designing an effective iterative approach capable of solving a large nonlinear system resulting from the application of the spectral method is a very challenging task . In this paper , we solve this nonlinear system via ordinary Newton method using the well-known MATLAB software (2013 version) to do the computations . We solve MHD Jeffery-Hamel equation for 
Conclusion
In this paper, we have presented the collocation method based on Jacobi polynomials for solving the MHD Jeffery-Hamel problem which is a nonlinear ordinary differential equation. The importance of this work is using other orthogonal polynomials rather than classical orthogonal polynomials such as Chebyshev or Legendre polynomials (for instance Jacobi polynomials with 0.2, 0.4     parameters). We showed that the obtained results by the collocation method are in acceptable agreement with ones derived by the numerical methods such as homotopy analysis and homotopy perturbation methods.
